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Purpose 
One little-studied parameter, however, that may have clinical significance in the 
visual rehabilitation of the pseudophakic eye is related to the changes induced in 
pupil size and centration shift as a result of cataract surgery.  The aim of this 
work is to provide a novel investigation of pupil size and centration changes 
following cataract surgery based on analysis based on Placido topography-
combined pupillometry. 
To implement digital analysis of pupil imaging (shape and size) in relation to 
cornea apex position and  
compare preoperative and postoperative data to measure the extent of pupil 
centration changes following cataract surgery. 

Methods 
35 consecutive cataract cases (70 eyes) were digitally imaged pre- and post-
operatively by Placido Topography (Vario Topolyzer, WaveLight, Erlagen, 
Germany) providing accurate pupil imaging and cornea apex identification.   
Digital analysis implemented on the images investigated the Cartesian 
coordinates (nasal – temporal being the horizontal, and superior-inferior the 
vertical axis) of the corneal apex (approximating the intersection of line of sight 
with the cornea) to the pupil geometric center (approximating the visual axis).   
The Cartesian changes of the differences were associated with postoperative 
pupil centroid shift. 
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Results 
•  The pupil size diameter change corresponded to a 

relative reduction by -9.8 % for the photopic and -9.1% 
for the mesopic pupil, with a statistically significant 
difference (p 0.045 and 0.011).   

•  Additionally, there is a noted reduction in the centroid 
shift from an average (all eyes) of 0.12 mm pre-
operatively to 0.05 mm post-operatively, as a result of 
the post-operative less temporal horizontal difference 
between the corneal apex and the pupil center. pre	 post	
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Discussion The present study suggests a statistically significant 
reduction in pupil size: the postoperative pupil size reduction 
averaged between -9.8% for the small pupil and -9.1% for the large 
pupil.   These findings may be further suggestive of the safe use of a 6-
mm optic zone diameter IOL instead of larger zone. The noted post-
operative reduction in the pupil size suggests that even a pre-
operative pupil diameter of 5.5 mm may be postoperatively 5.0 mm as 
an indirect result of the cataract surgery. 

Additionally, there is a noted reduction in the centroid shift from an 
average (all eyes) of 0.12 mm pre-operatively to 0.05 mm post-
operatively, as a result of the post-operative less temporal horizontal 
difference between the corneal apex and the pupil center.  

These changes may be related to the increased anterior chamber 
depth and volume following the extraction of the bulky crystalline 
lens.  As it develops into a cataract, an intumescent crystalline lens 
has measured average thickness 4.4 mm; this lens is replaced  with a 
thin IOL, of thickness often less than 1 mm. 
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Optical Considerations  
The pupil size investigated in this study corresponds to the “apparent” entrance pupil, i.e., the virtual image of the physical 
pupil as imaged through the cornea.  In other words, the ‘image capture’ of the pupil corresponds to the ‘entrance’ pupil and 
not the anatomical pupil.[31]  As in any optical system, the entrance pupil is the magnified, virtual image of the aperture stop, 
ie the anatomical pupil;[32] this is what any observer ‘sees’ as a pupil.  The magnification depends on the actual distance of the 
anatomical pupil from the cornea (approximated by the anterior chamber depth, ACD), the refractive indices (n) of the media 
beside the cornea, as well as the corneal refractive power.  In an emmetropic eye, of average total corneal power +43 D, ACD 
3.6 mm, and naqueous 1.336, the apparent pupil is about 13.1% larger and 0.55 mm closer to the cornea than the anatomical 
pupil. 
According to visual optics calculations[33] that we applied, assuming that the cornea is not subject to refractive change in the 
cataract surgery cases examined herein, the pupil magnification factor of the apparent pupil is approximately 11.7% for the 
pre-operative eyes (average ACD = 3.26 mm) [34] and 15.9% for the post-operative eyes(average ACD = 4.25 mm).  These 
results contrast, for example, to a refractive intervention by alteration of the corneal anterior curvature (eg PRK, LASIK), in 
which the pupil magnification changes [35] can be attributed to changes in the corneal refractive power and not the ACD.  
Thus, in our study, to the pre-operative anatomical pupil diameter corresponds a 0.895× and to the post-operative a 0.863× 
magnification factor, respectively. 
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Conclusions 

Cataract surgery results in pupil size reduction of the order of 10% for both 
mesopic and photopic conditions and in improved centration, towards a smaller 
centroid shift. 

Specifically, a smaller pupil size and a less temporal shift was recorded.   

These data may have clinical reference in targeted intraoperative IOL centration. 

This novel investigation of digital analysis in pupillometry of a high-analysis 
infrared camera within a Placido topography device, suggests that cataract surgery 
results in reduced pupil size and improved centration.   

These findings may have clinical significance in reference to targeted 
intraoperative IOL design and centration. 

Digital pupillometry and centroid shift
changes after cataract surgery
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PURPOSE: To compare postoperative changes in apparent photopic and mesopic pupil size and
centration in relation to cornea reflection landmarks after cataract surgery.

SETTING: LaserVision.gr Clinical and Research Eye Institute, Athens, Greece.

DESIGN: Prospective consecutive case study.

METHODS: Pupils were imaged for pupil size and corneal vertex location before and 1-month after
cataract surgery. Digital analysis of pupil images was used to determine the Cartesian coordinates
(nasal–temporal, horizontal axis, superior–inferior, vertical axis) of the first Purkinje reflection
point (approximating the corneal intersection of the visual axis [corneal vertex]) to the pupil
geometric center (approximating the corneal intersection of the line of sight [corneal apex]).
Pupil size changes were measured, and the correlation between vertex-to-apex shift changes and
postoperative pupil centroid shift was evaluated.

RESULTS: The study evaluated 40 eyes. The pupil size (diameter) change corresponded to a relative
reduction of !9.8% for photopic pupils and !9.1% for mesopic pupils; the difference was statis-
tically significant (PZ .045 and PZ .011, respectively). Also, there was a reduction in the centroid
shift (all eyes) from a mean of 0.12 mm preoperatively to 0.05 mm postoperatively as a result of the
postoperative minus temporal horizontal difference between the corneal vertex and the apex.

CONCLUSIONS: Cataract extraction surgery appears to affect pupil size and centration. Specifically,
a smaller pupil and less temporal shift were recorded. These data may have clinical relevance in tar-
geted intraoperative intraocular lens centration.
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Present-day computerized Placido topography sys-
tems offer direct digital analysis of the image scene
of the Placido mires projected onto the cornea and
thus provide a valid and effective tool for detection
of corneal irregularities.1 In addition to axial and
tangential curvature maps,2 several other parameters
(eg, corneal surface irregularity indices and Fourier
and Zernike aberrations)3 are available and might in-
crease the sensitivity and specificity when evaluating
refractive surgery patients.4 Detailed topography
data are customarily used in surgical planning,5 espe-
cially in topography-guided treatments.6–8

To optimize visual outcomes in cataract and refrac-
tive surgery, disparity between the pupil diameter
and the treatment zone9 as well as angle k10 consider-
ations play an important role11 in the selection of the

optical clear zone diameter12 and its centration. A de-
centered refractive treatment can cause photic phenom-
ena including glare, halos, and vision deterioration.13

Current topography systems are used to identify angle
k14 to obtain a less-decentered treatment in laser abla-
tion procedures15,16 and properly center the intraocular
lens (IOL) in cataract surgery,17,18 in particular in hyper-
opic eyes and in general in any eye with a large angle k.

One little-studied parameter that may have clinical
significance in the visual rehabilitation of the pseudo-
phakic eye is related to the changes induced in pupil
size and centration shift as a result of cataract surgery.
The aim of this study was evaluate pupil size and
centration changes after cataract surgery by perform-
ing an analysis based on Placido topography com-
bined with pupillometry.
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Pupil Size Changes

Table 1 shows the preoperative and postoperative
pupil diameter and the calculated size changes (abso-
lute and relative). The pupil size diameter change
corresponded to a !9.8% for small pupils and !9.1%
relative reduction for large pupils; the reduction in
pupil diameter was statistically significant (P Z .045
and P Z .011, respectively). Figure 2 shows these re-
sults in the form of boxplot graphs.

Pupil Centration Changes

Table 2 shows the horizontal and vertical pupil shift
as well as the distance to apex for photopic (small)
and mesopic (large) pupils and the corresponding
measured centroid shift preoperatively and 1-month
postoperatively. The negative sign in the right eyes
indicates that the point of the first Purkinje reflection
(vertex), approximating the line of sight corneal inter-
section, was located temporally in relation to the pupil

geometric center, approximating the cornea intersec-
tion to the pupillary axis (apex). Likewise, the positive
sign in the left eyes indicates that the first Purkinje
reflection was located temporally in relation to the
pupil geometric center.

For small pupils, there was a shift in both eyes
toward a less temporal position postoperatively, by
0.04 mm in right eyes and by 0.05 mm in left eyes
(P Z .055). The results for large pupils were similar.
In both eyes, there was a shift toward a less temporal
position postoperatively, by 0.12 mm in the right
eyes and by 0.07 in the left eyes (P Z .025).

There was no statistically significant change in the
location of the corneal vertex in relation to the pupil
center along the vertical axis; this was true for both
small and large pupils. Figure 3 shows these results
in the form of boxplot graphs.

Table 2 shows the measured centroid shift, defined
as the difference in distance to apex between the large
pupil and the small pupil.

Figure 1. Preoperative (top) and 1-month postoperative (bottom) pupil analysis report for the same (left) eye. Shown in the table at the left of each
image are the data used in the study, the pupil center in relation to cornea apex in the Cartesian coordinates plot, and the actual photopic and
mesopic pupil images. In the Cartesian plot, the small circle corresponds to the small pupil apex coordinates, while the large circle corresponds to
the large pupil.
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